Abstract. Port cargo throughput forecasting is an essential issue in port planning and management. Owing to that cargo throughput is affected by many factors; a single model is often difficult to get an accurate prediction. On the basis of discussing single modeling principle, the combination forecasting model based on Minimum-variance is therefore proposed for forecasting cargo throughput. By comparing the performance evaluation indexes, the results of examples imply that the combination model has higher precision than a single model.
Where y is a non-linear function of t, ranges from zero to the upper limit L; a>0, b>0. The solving methods of the parameters are described as follows: firstly, construct equal-time settlement time series data by Cubic Spline interpolation, divide the time series sample with a same interval into three sections, if the remainder is not zero then the sample formerly removes remainder terms:1,2,3…,r;r+1,r+2,r+3…,2r;2r+1,2r+2,…,3r. Define S 1 , S 2 and S 3 as the sum of reciprocals of data: 
Then, we have the following expressions: 
So the calculation formula for each parameter is: 
The differential equation-formed mathematical model of for GM(1,1) is:
Use the least square method to solve the parameters of the above whitening equation. There exists the following equation:
where B is a matrix and Y is a vector:
(1) (1)
Take a, b into Eq. 9, establish time response equation:
( 1) ( (1) )
Then take formula ̂ ̂ ̂ to calculate the direct prediction value. Double Exponential Smoothing Model. Exponential smoothing method is a special case of the weighted moving average method, which predicts values with a weighted average of past time series data. When the changes of time series present a linear trend, we need to do double exponential smoothing on the basis of the first one so as to correct the lag error. The simplest form of exponential smoothing is given by the Eq. 12: (1) (1) 1
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Where α is the smoothing factor, and 0 < α < 1. In other words, the smoothed statistic is a simple weighted average of the current observation y t and the previous smoothed statistic . And the double exponential smoothing equations are: (2) (1)
In Eq. 14, set t as current period; T as the interval period between current and forecasting period; ̂ as the fitted value at period t+T. We calculate the intercept a t and the slope b t as follows:
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Combination Forecasting Model.
The core idea of combination forecasting is according to the results of various forecasting methods to determine the weight for each method and thus to forecast the future data. The least square sum of squared error is defined as the objective function of the combined model to minimize the square sum of the prediction error. The optimal set of weighting coefficients is the solution of the following programming problem. Suppose k is the count of single forecasting models; n is the number of samples. Set f it as the fitted value of method i at cycle t, w i as the weight of method i, ̂ as the combination forecasting value. Obviously, we hope the difference between the predicted value and the actual value the smaller the better. The regression analysis method of weight coefficient is to use Q to represent the error sum of squares between the actual value and combination forecasting value and to minimize it. 
Experiment of Port Cargo Throughput
Result of Single Forecasting Model. In order to test and evaluate the effectiveness of the model, we selected 13 sets data from 2000 to 2012 which came from the website of the Dalian municipal bureau of statistic. According to the data, we made a case study of cargo port throughput with the models as shown in Table 1 . 
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Result of Combination Forecasting Model.According to the calculation step of combining the model, set Pearl model, GM (1,1) model, double exponential smoothing model respectively y 1 , y 2 , y 3 get the weight through Excel then construct model as . With throughput of 2013 as the validation data, the relative error statistics between the three models and the combination forecasting data and the actual data are obtained, as shown in Table 2 . Result Analysis. In order to make a comparative analysis of the prediction accuracy and the validity of the model, this paper uses the following evaluation indicators to evaluate the effectiveness of the prediction.
(1) SSE(Sum Square Error) Among them, y t is the actual value, ̂ is the forecasting value, and n is the time length of the performance test of the prediction model. Based on the three prediction performance indexes mentioned above, the prediction accuracy of the three single prediction models and the combination model is shown in Table 3 .
Depending on the Table 3 , the smaller the model prediction error is, the better the performance is. From Table 3 , we can note that the three indicators of the combination model keep in a lower and smoother level than single forecasting models. The average relative error is 2.78%. It shows that the combination model which integrates multiple approaches has higher accuracy and this model can be applied to simulate the actual port cargo throughput. 
Conclusion
In this paper, we put forward a combination forecasting method for port cargo throughput based on Pearl Curve Model, GM(1,1) and Exponential Smoothing, and illustrate that the combination forecast model performs better than single forecasting model by examples. It is verified that that the given combination model has better fitting and forecast precision. Therefore it has a widely applicable prospect in port management in the time-series data modeling.
At the same time, the shipping industry has been undergoing continuous changes which bring a lot of uncertain factors. The model proposed in this article may not be the most suitable because the result is based on the historical data, and the future trend of development is not always according to the historical data. Additionally, the selection of individual models in the combination has a certain influence on the modeling of the combined model. As a consequence, in order to improve the accuracy of prediction, the selection of a single model is needed to be optimized for different case applications.
